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TEST  OF  A CORLISS  SITGIIT2  ;VITH  SUPERHEATER  ST.EAII:- 
EEEECT  ^ STEAM  PRESSURE  UPOIT  ECOUOMY. 

Introduction: - 

The  main  purpose  of  this  thesis,  is  to  deter- 
nine  the  effect  of  varying  the  steam  pressure,  on  the  economy 
of  a 100  Eorse  Power  Corliss  engine,  using  superheated  steam. 

The  principal  results  to  he  obtained  are  the  water  rate  per 
indicated  horse  power  hour,  the  water  rate  per  bravke  horse  power 
hour,  and  the  mechanical  end  potential  efficiencies;  the  most 
importa.nt  of  w'hich  is  the  W'ater  rate  per  indicated  horse  power. 

To  get  these  results  it  was  necessary  to  con- 
duct different  sets  of  experiments.  Eour  series  of  tests  were 
run,  keeping  the  speed  of  the  engine  constant  throughout,  hut 
varying  the  pressure  in  each  series.  Eor  each  pressure,  four  or 
five  loads  w-ere  used,  starting  at  a low  loa.d;  and  increasing  hy 
three  or  four  steps  to  full  load.  It  is  believed  that  for 
similar  classes  of  Corliss  engines,  the  results  obtained  are 
generally  applicable. 

It  may  be  inorder  here  to  say  a fev/  words 
regarding  the  advantages  of  superheated  steam.  It  is,  and  has 
been,  for  many  years  a recognized  fact  that  superheat  has  great 
adveintages , but  only  in  recent  years  have  the  difficulties 
incident  to  its  use  been  largely’’  overcome.  ?/hen  it  w^as  first 
tried,  there  were  difficulties  in  the  way  of  using  superheated 
steam,  which  were  d\ie  largely  to  the  character  of  the  fatty  oils 
used,  and  the  materials  used  in  stuffing  boxes.  These  difficult- 
ies are  now  largely  overcome  by  the  use  of  mineral  oils  of 
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hi.^h  flash  point,  and  the  use  of  metallic  packing  for  very 
high  degrees  of  superheat. 


The  fact  that  the  temperature  of  superheated 
steam  is  not  dependent  upon  the  pressure,  makes  it  possible  to 
obtain  a high  temperature  at  a low  pressure,  and  adds  to  the 
element  of  safety.  Boilers  not  fitted  for  high  pressures  may 
gain  the  advantages  of  efficiency  due  to  high  temperatures  of 
steam  by  the  use  of  euperiieaters . 

Besides  fuel  economy,  superl.ea ting  aids  in 
eliminating  condensation  from  steam  pipes  and  engine  cylinders. 
Another  advantage  is  that  a gi'eater  amount  of  nower  may  be 
transmitted  through  a pipe  of  a given  size  when  superheat  is 
used,  due  to  a lower  water  rate  of  the  engine.  A better  vacuum, 
also,  is  usually  obtained  since  the  v eight  of  steam  to  be  con- 
densed is  reduced.  All  these  points  aid  in  a general  way  in 
promoting  more  economical  operation. 


METEOP  USED;- 


The  method  of  conducting  the  testvS  is  as 
follows;-  Eour  series  were  run,  keeping  the  steam  pressure 
constant  throughout  each  series,  and  var^^’ing  the  load  from 
about  quarter  load,  to  as  close  to  full  load  as  we  conld  safely  ' 
run  with-out  stopping  the  engine ; using  for  our  increment  of 
load,  from  one  fifth  to  one  quarter  of  the  highest  load  used 
in  each  series.  Each  test  was  of  thirty  minutes  duration;  and 
was  started  after  the  engine  had  been  ouerating  under  load 
conditions  for  about  thirty  minutes. 

Steam  w'as  taken  from  the  boiler  house  and 
passed  through  a "Foster  Superheater  of  the  separate!;/  fired 
type,  in  W'hich  it  was  superheated  to  500°  F.  It  was  our  intent- 
■^ion  to  keep  the  temperature  of  the  steam  at  the  superheater 
as  nearly  constant  as  possible. 

Attention  is  called  to  the  fact  that  no  attem- 
pt vms  made  to  keep  the  degree  of  superheat  constant  at  the 
engine,  but  instead  the  constant  temperature  w^as  maintained  at 
the  superheater.  It  is  evident  that  it  is  a far  more  difficult 
task  to  keep  the  temperature  constant  at  the  engine,  and  had 
this  been  attempted,  it  w'ould  have  been  necessary  to  run  under 
a given  load  at  least  forty  five  minutes,  until  constant 
temperature  conditions  were  attained,  thus  practically  doubling 
the  tine  to  be  spent  on  tests.  Ey  the  methpd  used  we  were 
able  to  average  four  tests  in  an  afternoon. 

Before  entering  the  superheater,  the  steam 
passed  through  a throttle  valve,  by  means  of  wliich  the  steam 
pressure  W'as  regulated,  '^rom  the  superheater  it  passed  through 


one  hundred  fourteen  and  one  half  feet  of  main  hefore  reaching 
the  engine . 


The  engine  used  is  a 100  horse  power  engine, 
made  the  Allis  Chalmers  Co.,  of  Ivlilvi/aukee , Wisconsin. 

This  will  be  more  fully  described  later  in  this  report.  The 
engine  is  loaded  by  means  of  an  Edison  Bipolar  Generator, 
v/hich  is  connected  to  it  by  belt.  This  piece  of  apparatus  and 
method  of  loading  will  also  be  more  fully  described  later  in 
this  report. 

It  was  found  necessary  to  have  six  observers 
to  conduct  these  tests,  and  thej?-  were  stationed  in  this 
manner ; - 


( Keep 

( Take 
f 

Observer  If  Take 
( 

f Take 

f 

( Take 


time . 

temperature  of  in;jection  water, 
temperature  of  discharge  w’ater. 
temperature  of  condensate  w/ater. 
weight  of  condensate. 


f Fire  sunerheater . 
f 

2.(  Keep  temperature  constant  at  superheater. 

( Record  pressure  readings  as  given  by  observer 


” 5.  Take  indicator  cards. 

” 4.  Regulate  throttle  valve  to  keep  steam  pressure 

constant . 

" 6.t  Take  R.  P.  M. 

( 

f Take  temperature  in  the  steam  chest, 
f 

f Take  temperature  in  the  calorimeter. 
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( Take  Pressure  in  the  calorimeter. 

( 

( Take  termerature  in  the  steam  main  near  engine. 

f 

( Take  room  temperature. 

( 

f Take  harometer  reading. 


f Load  generator. 

( 

f Take  Armature  amperes. 
Observer  6( 

( Take  Armature  volts. 

f 

f Take  field  amperes. 


The  operators  referred  to  above  were  stationed 
at  their  respective  places,  end  readings  were  taken  simultan- 
eously every  three  minutes,  thus  giving  eleven  reading  for 
each  one. 


6^ 


D."  .SCRIP? I on  OP  APPARATUS 

The  steam  was  throttled  down  to  the  rerinlred 
pressure  before  it  entered  the  superheater.  This  vms  accom- 
plished b;^  one  of  the  observers  being  stationed  at  a throttle 
valve,  which  he  manipulated,  thus  keeping  the  gage  pressure  as 
nearly  constant  all  through  the  test  as  possible.  The  pressure 
of  this  gage  was  recorded  every  three  minutes  by  the  observer. 

Superheaters  are  of  two  types ; the  separately 
fired  type,  and  the  tirpe  in  w’hich  the  superheating  coils  are 
placed  in  one  of  the  back  passes  of  the  boiler.  The  super- 
heater used  in  these  tests  is  a separately  fired  Roster  type, 
the  construction  of  which  is  essentially  as  follo\7s:-  The 
elements  consist  of  straif>:ht  seamless  drawn  steel  tubes,  on  the 
outside  of  which  are  fitted  a series  of  cast  iron  flanges. 

They  are  Joined  at  one  end  to  connecting  headers,  and  at  the 
other  end  to  return  headers.  Inside  of  these  elements  are 
placed  tubes  of  w'rought  iron,  which  are  centrally  supported 
by  means  of  knobs  regularly  spaced  throughout  their  length. 
These  inner  tubes  are  closed  at  tho  ends,  thus  forriing  an 
annular  passage  for  the  steam  between  the  inner  and  outer 
tubes.  The  steam,  in  close  contact  wit}i  the  heating  surface, 
is  quickly  heated  in  a most  efficient  manner. 

The  temperature  at  the  superheater  in  these 
tests  w'as  kept  constant.  This  v/as  accomplished  by  means  of 
regulating  the  drafts  in  such  a manner  that  the  steam  leaving 
the  superheater  w'as  at  a temperature  of  .500®  R.  The  ther- 
mometer W'as  read  every  three  minutes,  and  care  was  taken  to 
keep  the  average  temperature  throughout  the  test  as  close  to 
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Report  of  some  observations  and  measurements  of  a steam  engine  at 

^ S>Oui.4yr^C^\yt^^  • 

1.  Engine  made  by. 

2.  Usual  r.  p.  m.  is  ^O  - ^<^0  ^yUin^Uvu^] 


^ /7^ 

3.  Usual  boiler  pressure  ..sz.(i?..'.../..'^<< 


Its  form  of  cross-section  at  center  ■ 


square  inches. 


4.  Diameter  of  cylinder 

'l  A '' 

5.  Length  of  stroke  yC 

6.  Length  of  conn,  rod  is  45"  (e> 

7.  Ratio  of  crank  to  conn,  rod  is  1 to 

8.  Area  of  bearing  surface  of  crosshead  on  guides  is  7^ 

9.  Diameter  of  the  piston  rod  is.  inches. 

10.  Diameter  of  shaft  in  bearings  is  ^ . “ 

11.  Diameter  of  flywheel  bore  is  ^ “ 

12.  Diameter  of  belt  pulley  is  ^ feet.  Its  face  is 

13.  Width  of  belt  is inches.  Its  thickness 

14.  Diameter  of  flywheel  is  ^ feet.  Cross-sect,  of  rim 

15.  The  weight  of  the  flywheel  rim  is  about  lbs. 

16.  The  velocity  of  the  flywheel  rim  is  about  ft.  p.  s.  / ZO  ^ • P 77- 

17.  Length  of  crank  shaft  bearing  is  inches.  Outboard  bearing  is  // 


inches. 
inch. 


r 


18.  The  flywheel  or  belt  pulley  is  made  in  / piece 


Fig.  1 sketches  shows  method 


of  connecting  segments. 


19 


The  governor  makes  i-.  p.  rn.  It  is  shown  in  Pig.  2 of  sketches  with 

a description  of  its  action  in  regulating  the  speed  of  the  engine. 

20.  The  number  of  valves  affecting  the  steam  distribution  is 

21.  When  there  is  more  than  one  cylinder,  their  arrangement  is  shown  in  Pig.  3 of  sketches. 


22.  The  engine  is 


Horizontal. 
Oondens'mg. 
Compound. 
Automatic  cut-off. 


Running  over. 


Vertical.- 
Non-condensing. 
Single  cylinder. 
Thi'uttliirg: 
Running  under. 

! S#lf  oontainod-  Not  self  contained. 

23.  Examine  arrangements  for  lubrication  and  taking  up  wear. 

24.  Remarks:  <S^tcoAAA< 


500^  as  possi'ble. 

The  en,p;ine  iised  is  a 100  Eorse  Power  Corliss 
enf^ine,  "built  "by  Allis  Chalners  Co.,  of  Milwau-kee,  Vy-isconsin. 
Pull  dimensions  and  details  of  this  engine  are  given  on  an- 
other sheet  in  this  report,  specially  printed  for  that  purnose. 
Head  and  crank  end  indicator  cards  were  taken  every  three 
minutes,  with  Cros"by  indicators. 

Connected  belt  to  the  engine  is  an  Edison 
Bipolar  direct  current  generator,  whose  pulley  is  twenty  one 
inches  in  diameter.  The  engine  is  loaded,  by  loading  this 
generator.  The  rating  of  this  generator  is  100  K.  W.  at  140 
volts.  Its  output  is  absorbed  in  a v;ater  rheostat,  consisting 
of  three  barrels  filled  with  a strong  salt  solution.  Iron 
plates,  placed  in  the  bottom  of  the  barrels,  are  connected  in 
parallel  to  the  negative  terminal  of  the  generator.  Three 
similar  iron  plates,  connected  in  parallel  to  the  positive 
terminal  of  the  generator,  are  suspended  in  the  water  in  the 
barrels,  at  varying  distances  from  the  bottom  plates,  by  means 
of  rope.  The  resistance  in  the  circuit  is  almost  directly 
proportional  to  the  distance  between  the  plates,  and  by  var^^-ing 
this  distance  with  the  three  plates  simultaneously,  various 
loads  were  obtained.  The  three  suspended  plates  were  fastened, 
by  means  of  ropes,  to  a horizontal  shaft  above  the  water 
rlieostat.  This  shaft,  by  means  of  a worm  and  worm  wheel, 
allowed  the  plates  to  be  raised  or  lowered  to  any  desired 
position. 

The  conaenser  used  is  a Vv’orthington  surface 
condenser  of  sufficient  capacity  to  condense  all  steam  used. 
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Following  is  a list  of  airxiliary  apparatus 
2 -Crosby  Indicators  for  indicator  cards. 

Crosby  Steam  Cage  jf620105  for  pressure  in  main. 

” " " 'if 520110  " ” " calorimeter. 

Ashcroft  Vacuum  Cage  # 54776  for  " " condenser. 

1-Voltmeter  for  voltage  in  armature  circuit. 
1-Killivoltme ter-  s- unt  ter-current  in  armature 


circuit . 

1-Anmeter-current  r*  fie'-d. 
1-Field  Rheostat. 
1-Thermometer  for  temperature 

1-  " " tT 

1-  Tt  !f 

1-  " »»  If 


1_  It 

1-  ” ff 

1 _ ff  If 


at  superheater. 

in  steam  main. 

" calorimeter. 

” steam  chest. 

of  injection  condensing 

v/ater. 

" discharge  ” ” 

" condensate. 


1-  ” It  ft 

1 tank  to  hold  condensate. 

1 scale  to  weigh  '' 

1 speed  counteKfor  K.  P.  M. 
1 Barometer. 


room. 


^rom  the  above  readings  the  following  results 

were  calculated 

Head  Knd  [ ^ |; 

^ F.  P. 

Crank  End  f I.  H.  p. 
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Total  I.  E.  ?. 


B.  H.  P. 

Water  rate  per  I.  E.  ?.  hr. 

" " " 3.  E.  ?.  hr. 

ITo  load  friction  horse  power. 

B.  T.  U.  loss  per  laour  in  transmission. 

Potential  efficiency. 

Mechanical  " 

Decrees  of  Superheat  at  steam  chest. 

" ” ” lost  in  transmission  to  steam  chest. 

Beo^rees  of  Superheat  at  steam  pipe. 

” ” " lost  in  transmission  to  steam  pipe. 

Absolute  pressure. 

l/eif^ht  of  condensed  steam  per  hour. 

Kilowatts . 


Results 


The  results  ohtairied  are  shown  in  the  two 
tables  which  are  given  later  in  this  report.  Table  1 sho¥/s  the 
observed  data  of  test  ifl6,  which  is  a test  run  under  average 
conditions  and  is  considered  to  be  representative  of  the  entire 
work.  Table  2 is  the  general  log  of  all  tests  that  were  run. 

It  contains  averages  of  all  readings  taken  in  each  test,  and 
therefore  tlie  results  average  results.  The  curves  which  appear 
later,  figures  1 to  inclusive,  were  all  plotted  fron  table 
2,  and  are  self  explanatory. 
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Discussion  of  Results 


In  discussin,^  the  results  obtained,  the  best 
method  is  to  interpret  the  ciirves  shown.  Ri^rure  1,  which  is 
the  p'raphieal  log;  of  test  # 15,  shows  us  that  conditions  through- 
out this  test  were  very  constant.  The  variation  in  kilowatts 
is  very  slight,  ranging  from  34  to  34.7,  which  is  a total  vari- 
ation of  2^.  The  variation  in  the  steam  pressure  w’as  caused  by 
the  pressure  in  the  boiler  room  falling,  due  to  heavy  load,  and 
casts  no  reflection  whatever,  on  the  constancy  of  conditions 
maintained  during  the  test.  The  temperature  at  the  superheater 
shows  the  greatest  variation,  ranging  from  490°  to  514°,  but 
averaging  499.70.  The  reason  for  this  large  variation,  is  that 
the  effort  v;as  made  to  keep  the  average  temperature  as  close  to 
500°  as  possible.  Therefore,  when  a reading  was  taken  and  found 
to  be  below/  500®,  it  was  made  up  on  one  of  the  later  readings, 
thus  maintaining  the  average  throughout  the  test.  The  tempera- 
ture of  the  steam  pipe  does  not  show/  as  great  a variation  as  the 
superheater,  due  to  the  pipe  absorbing  and  giving  up  heat, there- 
by eliminating  much  variation.  The  temperature  of  the  calori- 
meter shows  a steadj/  upward  movement,  which  indicates  that  the 
engine  was  not  run  long  enough  to  get  conditions  constant  before 
the  test  w?as  started.  The  temperature  of  the  condensate,  shov/s 
by  its  constancy,  that  the  amount  of  cooling  water  per  three 
minutes,  was  much  the  same.  The  temperature  of  the  condensing 
water,  both  injection  and  discharge,  remains  very  constant 
throughout.  The  weight  of  condensate  per  three  minutes  is 
about  the  most  constant  result  shovvn,  its  curve  verj^  nearly 
taking  the  form  of  a straight  line. 
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Referring  to  figure  2 we  have  the  relation 


hetv/een  the  indicated  horse  power,  and  the  water  rate  in  pounds 
per  indicated  horse  power  hour.  The  most  noticeable  feature  of 
this  figure  is  that  one  curve  stands  out  by  itself,  while  the 
other  three  are  in  a group.  This  is  explained  as  follows:-  it 
happened  in  our  first  series  of  tests,  which  was  run  at  76.5  lb. 
pressure,  that  due  to  the  steam  trap  connection  at  the  end  of 
the  superheated  steam  main  being  open,  we  v/ere  unable  to  get 
any  superheat  to  our  engine,  so  that  the  tests  were  run  with 
saturated  steam  containing  about  3.8^  moisture.  Here  we  plainly 
see  the  saving  in  the  water  rate  per  I.  H.  ?.  hr.,  due  to  the 
use  of  superheated  steam.  The  three  lov/er  curves  show  little 
variation,  although  it  is  seen  that  the  higher  the  steam  pressure, 
the  lower  is  t?ie  water  rate.  Also,  for  the  same  pressure  the 
greater  the  load,  the  lower  the  water  rate.  These  curves  do  not 
have  the  same  shape  as  is  general  for  a water  rate  curve. 

Usually  the  curve  will  ’’turn  up”  at  heavy  loads,  but  due  to  the 
fact  that  tiie  higher  the  loads  at  which  our  tests  were  riin,  the 
higher  the  degree  of  superheat  became,  there  is  no  turning  point 
present  in  these  curves.  Take  the  specific  case  of  60  indicated 
horse  power.  Ror  13£  lb.  pressure,  v/e  have  a water  rate  of 
23.2  lb. per  indicated  horse  pov/er  hour;  for  113  lb.  pressure  w^e 
have  24.06  lb.  per  indicated  horse  power' hour;  and  for  96.5  lb. 
pressure  we  have  24.05  lb.  per  indicated  horse  povver  hour.  With 
saturated  steam  at  76.5  lb.  pressure  we  have  36.1  lb.  per 
indicated  horse  power  hour.  This  shows  clearly  the  economj?’  of 
superheated  steam,  and  higher  pressures.  Reducing  our  figures 
to  percents,  we  see  that  at  50  indicated  horse  vovjer  the 
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difference  between  the  saturated  test  at  76.5  lb.  pressure,  and 
the  superheated  steam  test  at  96.5  lb. pressure  we  have  a saving 
of  33^9.  ?or  the  test  at  113  lb.  pressure  we  have  an  additional 
saving  of  2.3^9  or  a total  of  35.3^9.  ?or  the  highest  pressure 
shov/n,  132  lb.  pressure,  Vve  have  a total  saving  of  36^. 

5'igure  3 shows  the  same  quantities  as  figure 
2,  except  that  here  W'e  have  the  relation  between  mean  effective 
pressure  and  water  rate  per  indicated  horse  pov/er  hour.  These 
curves  are  straighter  than  those  in  the  preceeding  figure  because 
here  the  influence  due  to  decrease  of  speed  is  not  present.  As 
before,  for  higher  pressures  the  water  rate  is  lower. 

Figure  4 shov/s  the  results  of  no  load  runs 
with  varying  pressures.  The  friction  load  was  assumed  to  be 
constant  throughout  the  ranges  of  load  on  the  engine.  This 
curve  w^as  used  in  getting  the  brake  horse  power,  which  is  tabu- 
lated in  table  2,  and  shov/n  in  figure  5. 

Figure  5 shov/s  the  relation  betw^een  brake 
horse  power  and  v/ater  rate  per  brake  horse  pov/er  hour.  These 
results  are  considered  representat ive  of  similar  engines  of 
this  size.  Just  by  way  of  comparison,  let  us  compare  the  perfor- 
mance of  this  engine  with  that  of  a locomotive.  The  steam  con- 
siimption  of  a locomotive  using  saturated  steam  at  200  lb.  pres- 
sure is  about  25  lb.  per  indicated  horse  power  hour,  and  30  lb. 
per  brake  horse  power  hour.  \-Tien  superheated  steam  is  used,  of 
about  the  same  degree  as  was  used  in  these  tests,  the  steam 
consumption  falls  to  from  20  to  22  lb.  per  brake  horse  power 
hour.  The  engine  used  in  these  tests  shows,  therefore,  better 
relative  steam  consiunption  than  a locomotive,  with  high 
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pressures . 

Figure  6 shows  the  relation  between  indicated 
horse  nov'er  and  mechanical  efficiency.  There  is  but  a slight 
variation  between  any  two  of  these  curves,  and  the  same  relation 
holds  throughout:-  namely  that  the  efficiency  increases  with 
increased  load  caused  by  the  fact  that  the  friction  K.  P.  is 
about  constant.  The  highest  mechanical  efficiencj^'  attained 
* in  these  tests  was  which  is  a verj?"  good  efficiency  for  this 

type  of  engine.  Corliss  engines  do  have  a mechanical  efficiency 
as  high  as  96.5fc;,  but  very  rarely,  end  only  in  larger  sizes. 

Figure  7 shov/s  the  relation  betw^een  indicated 
horse  power  and  revolutions  per  minute.  These  curves  are  known 
as  the  regulation  curves.  As  is  true  with  all  governing  devices 
the  speed  falls  as  the  load  increases,  allowing  the  engine  to 
take  more  steam  as  the  speed  falls  off.  This  is  shown  clearly 
in  this  figure.  The  regulation,  as  here  shovm  is  poor  having  a 
range  of  from  104  at  full  load  to  120  at  no  load,  about  13.3^. 

It  should  not  be  over  55  for  good  regulation. 

Figure  8 shows  a series  of  curves  derived 
from  figure  2,  showing  the  relation  betvmen  gage  pressure  and 
water  rate  at  constant  horse  power.  The  points  plotted  as 
abscissae  are  obtained  from  the  intersection  of  a given  horse 
power  on  figure  2 with  the  curves  of  various  pressure.  This 
shov/s  clearly  the  decrease  in  water  rate  due  to  increase  of 
pressure  for  any  horse  power.  Take  the  case  of  80  horse  power. 
At  100  lb.  pressure  we  have  a water  rate  of  23.4  lb.  per  indicat- 
ed horse  power  hour  w'hile  at  150  lb.  pressure  we  have  a water 
rate  of  21.6  lb.  per  indicated  horse  nower  hour,  a saving  of  7.5^ 
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Fio'iire  9 shov/s  the  degree  of  superheat  presen' 


at  three  pressures  for  different  loads.  As  the  load  increased 
the  degree  of  superheat  became  greater,  at  a rate  almost  pro- 
portional to  the  increase  of  load.  This  accounts  for  the  fact 
that  the  curves  in  figure  2 do  not  "turn  up",  and  also  gives 
evidence  that  higher  pressures,  having  higher  saturation 
temperatures,  do  not  have  such  a high  degree  of  superheat,  when 
the  super-heat  is  kept  at  500°  P.  at  the  superheater. 

Figure  10  shows  the  relation  between  the  rate 
of  flo?iT  in  lb.  per  hour  and  loss  of  superheat  at  a point  in  the 
steam  pipe  near  the  throttle.  These  curves  show  a substantial 
agreement  at  all  pressures,  showing  that  the  pressure  itself 
does  not  effect  the  amount  of  superheat  to  as  great  a degree  as 
the  rate  of  flow.  The  fact  that  the  loss  of  superheat  is  inde- 
pendent of  the  pressure  shows  that  we  can  get  a greater  percent 
gain  at  low  pressures  than  at  high  pressures. 

Figure  11  shows  the  relation  between  the 
indicated  horse  power  and  the  degree  of  superheat  at  the  steam 
chest.  These  curves  are  very  similar  to  those  in  figure  9,  and 
the  same  discussion  applies  to  them  in  a general  w'ay. 

Figure  12  shows  the  relation  between  the  rate 
of  flow^  and  loss  of  superheat  to  the  steam  chest.  Eere  the  loss 
is  not  as  much  independent  of  the  pressure  as  at  the  throttle. 
The  rate  of  flow  here  as  in  figure  10  is  the  controlling  factor 
in  the  amount  of  loss  sustained. 

Figure  13  gives  the  ultimate  result  of  the 
tests.  Eere  is  strikingly  shown  the  increase  in  potential 
efficiencjT-  due  to  superheat.  It  is  curious  to  note  that  the 
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tliree  curves  oiT  the  superheated  tests  have  a common  intersec- 
tion. The  highest  potential  efficiencj^-  was  attained  with  the 
lowest  pressure.  This  is  not  entirely  clear  except  that  at 
lower  pressures  the  degree  of  superheat  was  higher.  At  76 
indicated  horse  power  the  potential  efficiency  at  the  lowest 
pressure  was  58^<j,  while  at  96.5  Ih.  pressure  it  w'as  68^^,  an 
increase  of  14.6^  over  the  lower  pressure.  At  113  lb.  pressure 
the  efficiency  was  64fo,  which  is  10.4^o  higher  than  at  the 
lower  pressure  with  saturated  steam. 
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Conclusions : - 


In  drawing  up  the  logical  conclusions  it 
is  v/ell  to  have  before  us  a tabulated  list  of  the  principal 
factors  w'hich  entered  into  our  discussion,  fhese  nay  be 
e?:pressed  as  follows  : - 

A 100  E.  P.  Corliss  Sngine-non-condensing. 

Superheated  stean-about  100°. 

Effect  of  varying  pressures  betv/een  76.5jf  and  1S2#. 

Practical  operation  of  this  engine  with  superheated 

steam. 

1.  In  order  to  operate  an  ordinary  Corliss  engine  with 
superheated  steam,  very  great  care  must  be  observed  and  special 
oil  of  high  flash  point  must  be  used  for  lubrication.  This 
causes  extra  cost  of  supplies,  which  to  a certain  extent 
counter  balances  the  saving  due  to  a lower  water  rate. 

2.  The  saving  in  water  rate,  due  to  the  use  of  superheat,  of 
about  100^  P.  amounts  to  from  25^  to  50fo. 

3.  The  curves  not  "turning  up'.'  at  the  highest  loads,  show 
that  with  superheated  steam  the  turning  point  of  economical 
capacity  is  eliminated,  thereby  increasing  the  economical 
capacity  of  the  plant. 

4.  The  decrease  in  steam  consumption  is  almost  exactly 
proportional  to  the  increase  of  pressure  within  the  range  effect 
of  increase  of  pressure  upon  economy. 

5.  Operation  under  the  conditions  as  stated,  is  entirely 
practicable  when  the  proper  precaution  is  observed. 
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